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A4 T.m' of thog~etla po., [ave 14~Aatq nt h
UlOttIM (: at~ai th 5VUlw AUOS h~"a e~n ntrjt

=,aelm m" Suction an 40not svj~wu in the~e oIi* f 3,0 n ~tans

Thu u1AioLt howeyer, has ftoouwsgod thair extoamlon to stwtotes
PIOO0 MX )Mov to ta: lrgvo'Ud.

the W more£nal theoies, vha,&o hove bee~n ;get.ented to oonsider
'tth fet o taPe rAi the PxUi- Of 1*1m sAn rostroints,, at be

3ei~d both by their moma'y arA their ei~4pdjty oiC sipv1Aaton to
Vo"'MbWA X"tw'Areua -- v 1teaet IvwAtt at1io he* been 4.sslz* tf
PrOvI£0 lrafwutlon fwr use In *xnnnI4 oFe aii~eie fti ~i
theerless mAt to *s"Jut in ta'w~ tj; ),wsla 'tQpross of t ew

suloblm 'rototm. wir4 tests, as re-U o0xnigi a-A, A* not prov'i~e
stba4ats for this PuwP040 40 tV-* strig" tribiition in atazal vtj

OtrswO s I Omtl~owtod toti ?ry ci*Urg , aty~ strwataral Sisoonimitleso
Ini eiti to the *Ar~twritIOA *4,*c. It '-3 required to stud~y.
?uWWeMWU the moin pW"**u ft tL-eo414 UIW tets is to eetablsh the

,gtiint. Vtwit M sthe itAv1s, and attrin~ sw-ios hays rot been
INO 1A U fldivt dotAi for the Prse0'nt pWpu.

T rest invtiptir 100 Proposed by the Sitriagwe 3ub,.mmdttjw
at tko Aeresmklosi IeesAvh LIO.Li *A zIdei a ot ailed record or the
Otasi dA~tUb*ic LN A M1WrMt*V tapered avw. b=Oz i4da *v2.£ be
""# IA PWti~1w* for 80 MnAMIhtIon at t basla a*low at the
A"WIea U0407 Ot UbAe P1010d by ;XWi& sAt VM3, The Wau&Wa situ
Ot taOW Ot he bom 9*6 UAWite to xbo* U egreeps,, owin, to a WWSWrition
LOW"sh ty a pseat the £.smers Vocry

~~~TbW c.w1Teoyf Ciralo41-A AMA 'ni0m*S 7mbes wiworsiF. Wfl
bsiMiM 100040, by J& RAt4%1r&Y71S U VA . OWW rO&t Sof V* Wr



r pcmltAsolm tc* twao ioniais a

The~ otoue I" ee teste w p~~ai 6torsio ma wt~is isocairutiono or
4.siiAm WA tst. The remW tht a oiad~L behavellz4y t th end or

the repors,

The a.rt wa carried out In the Ci~vil Hninooring Labortcsies
of the LqpqIfa1 CoUegv of .4clemm. 4 Toqhmlogy, todU*s.

192 Qastlmt teos;

AMthZgh the "ow of fim~rg the stress distribion ini tlubdr~r
Strttowe om be tcrlantod in turw of ths esiops of the ols"ioas
Shwy at elasticity, a through theiuetioal analyats has r~ot yet boom *do
Wesso54 of the Very great dtfioatie oncowatowed ins mRtwaI4oo
4awlopuit. It seem "blo that rnamrica solutions aculd be ot~4uxe
bysiAuasive appliontions -4 rsumzt ion "athods, but wafotmAatly these

In *4staqg SneIes, the problon has been-idared trot~bla bkf
aisytiow *h* s144fy the sliatio propaties of the oattruction mteri .Il

44 prsaribe the rvds Ir, Viloh defortotion xmy be oemiderei,

It in % fo~mmettl "an ion of the to~ianal boati thOM7z

M.i aaaw$ %m %Ior the bai xolea * is to leazdx the defleation ofa
Urs the dlthe butroid7 ae ~Irof strmo xooer orosdoe notti then am.

In the Weft-bath* theory of torsion, it in jeeeisd4 that A pirO2,y torsional
Owaqfawct at Tloaw st any woos ieatiot n Isaiipted as x onstant shoar twr'tIon
shbioh mots tanpntinljy wund the -,*ritsr . 4th both these moma~io it
ham, bee round yoeaibla tc cnloanta stx'~a dUatrihiztions from~ Hooks% Lou.
oind the oq4litriwa e~jatIms or aintica

It is .~.i to r'Ymuoap fru to rioipl or :,siv ?onnt,
that at weaiaca resas rxr londs, rimtrmnte, and disooftiasitles, the
&s*"s aUstribuflvs of 0" oonventioasal theory mporwoh the atual *tiess
distributigns. Unortuantely In o~roraft stracturea the mapot ratio of
coects I& oftem lou iar4 It Is ae14n poosillel to apply 5sint Veaant's
Priaa.Iple with a4y real %Atifo.'tlin JA tthe highest strosses usually
Anot in the region of loded iid reatri switioate, the oowerntional
or alaustw/r theories ane Often not sutfioistY %Qoiwwtw*

In Voea year timar es ha e ppeced Umaoh allowi P. &a Rpe
Lmik at dotuattxi unerw 14* thmt is pssdtted by the tvwje*lonal
theories. .Atstst have beo ari to omiat. i stresses W~ohs satisfy
the stress strain ralAlmaAlp of the theory ot seatiolty, but in j.~rmnl
tb. xeq~rvm,4 has bo too stflUgeto ?osvw a grost &iI4'I~ Ion
ota be, iswvsed by asm~ ar tra~me direot strewi ad strain In
the skie As a reslt mVal me oeamtion rw the eplibriss of ama olmpent
at the otmW~a meed be osmkIvd# Prat such a promsos, and by osawi4g
An i4.alUad loetrioul form, Argyris m311m ~e" avolvced their xepexal
theory at %-A mao tosiomod bedix1 li

2. ftoe st me WM%.tas~

Tb joat5 eV lmosti$,t- r twn fIzA tVA stmit
&w&U" bo w~mtarsar. d bemvivC, -ad U' Liv' % *=?tsm0 vithth

str4as w~A-Llat"d by thbc ALn a-irr Vtiae~ra ?,M thk geiwrl

I i1-te i



flit. I fti aaWw tht boz %ftafti w^x built to~ MMat, as
oaoe as pootible, the haeWyima of the *.gStio Aw4 IDwux thewo The

bac M iita Jtr4a eaout its oetrt tz*wv" VIM As in o*m xro1mo,
4rW to mmm oaqate Wxrl1 omwtzf4t A the omtral &tsecetion vmior
apsowtrioml 2IoAdLW~, 1%t to tttotat the pmatbilitj 01' check swawawts
In the *0orii half of the stratume

Th* box uos testedi It boXrg,. I?% pwe ttvwior, and in bending
;Uw& toatoit. The 1ow4m 'weo rppied 54c0vy A~t the tilo ad At the
tdw batts We" the Uip r'nd root sotiom, *Am o rzeote&l at the
t~oeftxsl Oo"~ sootior#

%4*txbItiorn.o iro ;,w ~ a tzr Orns 'we m.*itixre4 nrouAn
r*VmsvftatIv* roto sationo, .4th the use or elotri* roxistanoo etreio
244ea fitted4s Us in Pg4# The mokseworioito hovo beon plotted In a eAmnsxd
foi4 mair4 tOe iawlter of oros. sector~ ws * haee. *a thoorotioal strsins
r.'wo oo la~er impoe inx mor~to, iaY , piotoriva ooE4p.*isax of, rosults.
NO ways"e tuv been ws~o frott the *.rgyis rew4 Dom~e txeoy -onxe as n,
e'iijvav* toutw boaxi tot nt the other nw * taxb* uith 'ireot stress

The tta* of tz toot box is aisoosod in lurt 3, o~n& & doscriptioni
of It Is given In Prt 4. t.* toot rm vM loovirign are decribedt
Irk linrt 5# tho 0*pViL*tt A tohnita ' iv* uxt the strotin viawwurmnts
in 1'rt 7, -,xr4 thurz~ y~~ trwtnort Ir XIx-t i. A trief non-ruthtxttio~.v
WSmltI of the xgrisar wiw JO~nthorvr is hivao in A aMix, XX.

i1. is unIn thr 4eei~n or ntuvotit ttrotxrts to iaumw th~it
thi1 "In on onlxv~raist sae;.r atmeso lotions of~ the yiting x*ftoh
*oU4 otho.AAO hp-x oxftli Umawt #trasies xxt then be At3Attod to boow*
eM dn onga trxc biiviix of ur offoti- 44thi tMhor, UZ 055.5 ie
ths Wtu4a Us r-cept.$ tlvr thoori or xfvftns i ZVamw firgi its ai*1eat
jiotlo 7IT OCWIu tior U t-lur tl onxa; for tobas h'.infi frori four
to aix bco*, tcihit O~c iw 1,r~t itimv *.#i th* toors vo mrOx~tU4

T'kX* SV~j1 .4- ApjUC.tionr Jf Vie Uo~nry ja I%* of Iretor
W4441,041. uvcoxxoo U~ t ;Var# ronnir trwt.;.t, v.4 the d4Pxturos
ftftz 41*t~tii* tieory 4mo to %a,*-r t+ r4 tethbr ofteot oin be t~wh
preatec -Aftx loi4t*Ui wtirforItW. I* m-eant, it c5oonsIdawd um4o ir.blo
to %as such bm for the prmvieo 14mfr't. Por axvV1*, tha prosont
A-,titxwwy A11m-tiop at pl.~t A*-* to bhu*xw ftrw mtrirngo coul Xe!4 to

Lwg *nn I the pt Awe thit. ha-mor.e If the -.mllo isar Wiolrtly
'thifor h.Lr intivawm on~ the dlreot stripos rtr~tiox to to
inawitobnt, they xv~ia1 aswely b*kleg this wuld. oixaeo the tox to

bW,--w m-iine*1y nrA vow14 noV1ot th onmimxt 1 ,r.1jsls w~aly.

ftIle ftm . pr41al a silee-tions of op.a*Ation oooorti~rkS to
the AnWrJls wA LAum theory, It -^"ui t-JYo beexx oomeett to teot - o~W
boiM t%*v ttis wvy th" iw'is, for the t0'sgoiz moon~ this wote rs ot o,
Yftw a , te prwmse of the saw-tre..-41xat-stxe -tv #Uoo;;tigr. r2tod
above, wuAImrow* on wmx 't %Jdis Lag rundamon4toi to the gtiwt.l
tM07t, b.4 bra' uwoly bo Wrcd'uds for mwtxxdmo* 1%x mA~ing

ptIOMLW ** -e Uw axamfolothm~us4a is eplyalant to rw~1ioirqt
n. lhiUxww twtims by R x*w at isawl AM.*' mA, wawoe the

lItwidawl stops vero &:.Z %adi a~lim4 ~Tiatmmw Wx touls aitrodwo



The box used hadz trwvwe.1l auppoted walls suffici±ently thick
not t bucke and=allar4.eeg th-4s wee oamidaed te be the

beat of the alteZmtIves. cn oosal be onrveuniently octru~cte.1. The
cos.~ tapir we the greatest to iide it vsno considwad the theary could
be reaobly apple& fos the qmpos ot the VWc~ant investi~vtion. The
oorall se was diat~es1r twos ooxu16urtions of toWe, oonrtruwtional
1.lzztep vadmoombips size of avalable stnin ga.~as, and the zdnia~
ooTwaniez* spaool% at troawmsa disphu'.g whidoh voaiA alloi onuses to
be fitted on the hIMiM CCf te box -f ~ throe aidija had beer, j'sawtJlod 14 tL "
the Loirth left oftfw ti'cosss. 2he thiakr..e of the ploitimr~ chosen
so that its critical. buokliM atzeess wul be q~prociabl7 %L.. A"o? than
tho vandiiW stresss s& wW Izitija defloctions, of tho ylst1,,k would br

ser mLU ftooklons of' the plate thicolte

The test stm~oturo vans a box girder of U-zopezo14e1 =ons scotioti
hain xlength of 06 ft. 3 in. =Ad mod of M'i.Ai0 B duralizz±n# It was

nymzwtriosl about its oetztral orea section tmri taperoi llncarl'i f-rds
- 0 so t4., ht thc l4.angtum....1or o the surnio not. in o,=

oints boyand the ends at the box. The box is sho'un in Plto 1, and variotu

,wtoill of the Internal construction cre ahoun in Platoe 2 - 4.

**i raifo'ned hoLtz, -.*a bfailt ixzeiae thb akin to 1irsat zoo*&& to
~:firb pgese on the lumv sugrface at the root* This vtool structuro had

'.hroe pm-WUl diaphmgw, so abaom in Plate 2. Beocuac of its high
rigidity, the cross sections shich arc alongsuide the outar diphrgm asind
oonltO~f the outer raw cif rivats va rwArdod as axWoiw oontr4 nodth

'ro rchas S~OticMs of the outboard portions, of the be-t.x Aooejia toth
inside its possible throug holes in tha oovering beatve n the Ituiar onL1
in out-or ioj*x*Wp, end in the outer dimphroguo

*At tho tips anI At tho third-points, butwoon A p and rootp tiil
stool dittkhgSm mw fittod for dispcrairg thQ. 3ppliud 1.oas into tho

atrutitm Thejmi^Ung di~.phwoea viy be soon in Pl-.-1 'nz 2 rind 4, -nnd
eye-balts -. iich so=mvA into Ua~ through holos in thf. .,wcr, are sh7o#ti in
Flatev i ar4 A,. TL9 trnwnv.rse shApe of the box %=a mitained by dureluLsin
4isphrmew, o&at %ndtorn 1.Aowx1O raore thM. ianct4 or the structuro:
Chose va,* pivralal to the 'root croon sootionastv aid li' tho contral
4 Posiketi~

",I oevtrc line of the rwtvr 9W~ ua A utrosif).t line t'rm t1P to U
vf the box#* and the tip aro** seotiom war" h1x4 'uy bceioor, toapur points r
r,-e aah aoeotiosw. The pinipal dixomlon. of the at.-jotir are &iven
i *Ov and In ft~ele



Overal lamet rt. in

Slatw batt of root crios oectiam im *)

14tsaso htW roct to tip co aotion,. 90 1Zrs

Sp..i*. betwoor al~~r 6 Iii.

Dis.taom btuo *par #% root 30 1I,

Ds*h of fropt spWz at root 12 IZ

D~epth at near sW po at root0

r4tmoo1 betwe *pave at tip 15 iro

$Miomme of owxw 0*190 in,.

Tmokae Of spa" 0057 in.

Thiaess of, eta of AtOVbg4tir dispXra. 000 in.

?hickzwss ot f tob ri vnirda*rg

?LM*ness of Platii of oentral stffnirw ~ n

The *We A*t $late% te tliiM fnutv.~rda at thei~r s4Ue and
wer join*& to the aotero k.y st** rivets (:Ulte 4. The length of log of
the loomar m'rgaiea, *'o focmdo vas kept as sml as pretlooble. Dy
si4tabl- oeieatng rivat sixes wid pitahecs the leg length voe Pllovd to'
toper toward the %t,~ In ap oximstoly the mik jamer so the rest or the
b us* The rivotins at the oarner anslee 3.3n tv o en Itt Plato I o

In'4 owthat thr Usprww sht-.LA orr the miniuas of restraint
to 'rpln w~w lvad,, the sttdanrt arwlu of the wtabtlising d4ihram
a the t2amps of the Imacting dloriaw~ wwo slatted at inatww#U wawid
their parotws, 'ax show, In ' ~oInaros thim rotational resntraint
of "h 4La"Wuvm ugsinat rti~4ir's of the Myrs %h logp of the 4iaphrram
attamt mWhIft 4w% propped rvtm the -. : 3tiSf .eors #a shonem in i'3*to# S

The oemr' atifenins strwomw ar the laIn~j 5&phrow mtn
uslbo AtU steel plate* met tW surfaos In ocatat with the skU~ wan
a*Aeimn to A telirn**a of 0.01 Uo Ln.ight aley .SS1JL5 %vuld hs," boon

'too otlg and alia amo'wents of rtvvtod moon atio oA &waM e been
too VA4~ow It Is "roable that %avoete stresbs Uw twardaed
by the ftf**4s theswsl oouflinAs of xpno o at stel met&-Pw
but thiS w otdas 40604"a ittl Ooa..ne S is the #ttwtwo bomv*4

uwlr vith load M~4 *)*I-" of strain rwading Awe taken .mdi Preotiaill'

The toot WNUg. Awv traonttU Uo the stmwwIt by uMAJ~ towdloi
stftl -oy'.-baits, h-Mh Are swv,*A Uvt* blo~s of 414 steel **24a1 In line
Ath the Sbsato tM l0aftg Iiepwatme as "Al In Puate 20 The *.plsd
loat *we tranatfted ft'u the blo**a int the 4isphropt -abm tande then
di3WNA ramA tho VOtina. 0mk- aemal Us4att Ar.thin the plane ofL. ~ ams seetit siecU hwm cosamt at the lbod&nj dia*jm , us the avow
rI$"jtj at the steel * ~a ~~ ett t~ai r Aaftlisdn an inch



To doess e 1~ ir~ms t tbe iioesa Waes amt the stre
Atatb,41a uafty~, AfterU strqop wom voled arm~iI the p~ripwy

or the hUOle M *ia LD*s~ *9 the oen'tra1 2%6el xtu~tiWt%, and '.e JrA4
So the owataal disaFhross so that the straps In. effet bounded ah r-djpct
p&Ar of holeA. In addition~ the *entral steel st*ratiwv u0A em.4e of

bau. The hW-zwh staial plate aw iiwrlwdr. ovrln,, Wool a aostinod
rigiftty Squwavat to d~W*1IsWU I.' i thiak. Thosee "r-UtOPS ensured
%hat the soo..s holes haA 2 netl~cls Irflkiteson the stress distributie
,at the rw' oso socticrs.

To 1A% *the possibliUty ot rlyet u1±' -t th oot ora" soction,

box, rwA Mitiahal .scm~ obver plitoo, %^e ftted ame the region of
theowdol tirtenin4 str~oturo* This front spn of the t=x utku fitted

leaA#St. ~d riVetS WON* sed s for -,U .otiaeotlc"n o'o A the t tir
et the 4.aphoam ;wA the rrosnt *I34w Awr hollc- ;hw&gt rWYo wC er e s.,
the &AW~u 44 ooi~ntiiab of the teotax reo Airad the j1retest care rmd
thargw ewe &w to the Fairey ;,itcc -oWy u& uaedo the box# for

*AAV MMzi at high st4adat of ta1sl thro&gho04

A0 u pr Lm~rzwf -. o the lxwoatij:tSw., it ;rto xi0a*s'xy Vi bull4
syu rrqmPr ioad1ing the tox. Thove, th frmw sul xO~4 ratos~t

4-v teom 0swis o a. size 4A wo*It)y atr.'ei-t for tht pvi-xt-t test, they
were AmoineI for eWal use ini ottwctiw~1 teatn, smd pow, reivrn '2 a
;,ort air the pwwmaxettt LAittry tuipWlto The test fr-owe oar. to wood tgr
ow YIJ* up to fow tensl ios4e or . t,,exah, in ,Vrtiof1 or trar.&vvrst;I-#
ha*lsort4* 4Lreotiw~i, ahiy.ortt AvaJr 1 uso.r of 22 91 to In~

b~iioxfliru-Itt We.allic 5,j tor lo .4, or V 1 jrthcy,,.ti nr to toi~ly
oosexI tersilo loA4s 6f Lip to !- to no, --%r. to. r~r te4 Ir, tLWe cntrftl
trnetwers plarne 2C7 the stnoaxe.k

U~ wy be seat, In M.-Sto tJ-.e Op^wP rr". cA'sists of four Psi Jld0
aAveailoal port, I ;'t- tv ;; 4Jvrct -xt~ t A rL~ht KtV'16s tD thei~r ecinonm

1Qi)t~t~iIaxIs w".. tl*"- trscoi taeth-r. The trioW, in~ ourid oxttwiilly
Orn t~rito &a l.3t It .411 be c-liotr ce tkht le--rdt mirtux* The
1abotot~wy rlioa' is 4-) tiier on. ste.d )iatat '-f "w t-e*wrt' alol *U~ liVt

SkaMl*,. Misti '3m oite to %A iu" ;b'ar Tfri )Jcs can te moved alm4i thea
toesm ad the bei con to a~me i-r'v*K the perimeter of the portal trap..,
4& 1.9aro& At pgrw4 level tai Isa co ntrol paiwi vith an array of
nedle vagvvo far opwaW~ the fraw, either 1rI;A&i~AlA c~ aollicotiv,1jr.
X~awsuatt of loadi are s- "Uth wtatitwtea ad n prwiL, rIiMI the
U~IS Is &Is" usd to re~ftIibrat * the at it wtwor at i*~ar53Ys during
toets. It I& eatLUateri thst the loads ir, the ywesemt IreaipPI wer
uwasured -4tIAU. m enro of 2. !P 44qt. wror was tho avrater.

The teat box *.as xuppwted at it, wtm ty row ftte stralpe
1$JA6 In the oAseral tI5)Iwoes jkle of the structum So?* 4 that the
&UVA~W 0UWU be fto: t4 * 'be-- ' 1110 ,XA'Iit* Jenr Me strotpe -AC pir.
JacUde4 iAth w~iw &I lAx~ olso to the al YrAor , ver lijit pv*i
the tip -A ~aite~ aved %W wem do.% b;- 2 to 3 In#

rve Uti*a~ee~alt~tete D4thi~a~ iVai
It, ?Lg..' vd &Ay be so~In ~ in U.9 rrlit photvup- ;ts It was afti
1.4~ 0r t1. 4 i~ steel mat ha .* saw lca.4 oeps-oitgy se tw toot frics
t'W 114b"JAnt 4MQ04 'JIN SOe i s 14'~ s', that its 4n0a4

*iLjatt 'AS wet *PPiUwd %' trhe.44 ta %gal ac t.wat the forots at the &VAnsrir'
tziatrsworta 404% c~thw *a yl IjUi qt uo a 1~k 4 -AF, or 0 fixe., r'Mi- thO*4

bPaj &wn! i)A rot raqvsi.F mqr , 'rt I ',t

Pom



i ~e o* as~o -a~t ~rioafl a orcim * aoioon a"*% sidai
o Atraftwwtee ""~tre Ilsm 1%, lrrw btotiomrqi aquivxdupt to a

that cross ow5~tions. The1 om~e comvo loadl 4wre Woate ot
the OOlept~ by tht row* strg asw inC theu jiir. As the *trtkpa 0,4
Wi4.j rOSISt *MIna1 rOW' Or thfI' AWO

Th 'ppW.,4 lond4..rI iw t ii vw * 'p 414gram of tig., Sfl
tht llkm *hoe. to obtoln It L.) Vm lever d4+xu It a~ #ymti0
Vrftont of ,~oks bev op Ar L in~ the u; di.*~rso, then~
tht "v6a. oott~omet as" U-4, Y, ,4 hryui had to be Xomd f4 the
4iffasnae Ini ra4i*, of' taw. msral XIttrw~nts for the upward and4

),.I;)w ~ ~ ~ thnVeorrI ,o r * t?, rktouIaw1, hen~ 0~ in* sm1.

Anoc the. oocprxtr~t k~ l~x~d NY prdo tht hodn& striiiw at
two rout, It .ax noe~arr.- to imr it* vllu& A4thin tht. mA~ pez'owntago
t.rror as the lcr4 P. Tua ;.,as pkiblc Ith the ltTkx'j* AmWZ4oL*nt
-4optd 4 4F A? s #ia wat4 dirtatct), turthw the :utvf~ ~~sn t
of Ueu~ ~n~~ t tho loida hripw t. th~.t V horixtAl. )-*AJ *4

m~4,ec# xfp fo of AtiooA tltiy &L~ zc ws'tlm o% th* tox at uttX

In oftor Zth- tht x t%., o, 1I,-& oiA* b ho ~tiW A tho omwtrol kil
lwn~ ;4jlwtizii the. lo. ds onl,' throe or 'tihe ji*4k ?rVo4 to b. opr.-ud#

Aftri littl. v;i oh ira£ wtrwt od. ho i, wteo for fa IwA~

"mrax x#e4Ttiorm mc it: *lIo oA' vt- vtr~l sti~fgong stri-Aiarsat Atd f4

Ztiomd1l in t.e. rs moj.a N m i-, I tvh ti- t. Two of thoseemd the ratot
VOI I Iti ro

lovilw uo*4, -s r.,,svttv ,,d~ 74,es .trt 2wt %Yvtic. Thoy
tt,- .t in p-ttemrta lij4- ;.lih, ~~u to UOsir*

lJUnal stro4ins lov4 . tr4 A4 ).5 rsval Vto t .0r~rators r..pstlvelys
G~v4M wft Vp' o.v.,lo ItV thn I s. Wis arl tlo. m-. both tht Iner and
ooAtw marftoo of' the p1 Slr4,, rA V'w c~tit4ioa ,x *ywtrIo.'1,
dinpoei about tht outWe& c( tht. xLu of cxwoe otivin, be1fere
.4%, *AM U* Isim~ p'-pwtt' tica Ath rwt n_,L-r holes rvt In the
4..Jx'. peatteurnoav gp ato tho izm~r 'xn ouzter' af.-,ca of the plittirq.

T~h4e t-e m Looetmd Erua 1/16 ir. holoo 4ri~.1.d throg the pl-tJng
tA thQ .md& of mv@a *atior. sits, rA tho.w.t ww jka l -tl~r, tho

meAa~t or7 st -In aft IC40 It..

~ .'d~gmaw so-ns '.m~roou'4.r, x~fio* - jVeawM, m oixa1r *orti -
l ti#JAP4 Otr, In j- s mit, rxjY,.A In r~ jQ43 or rcty t:h

&xWra 4xr.4 to' - 4A or -e L~sro'ts.. ttlty i~oint xvmv #rtoi, ttua
booro .Aie* -. a nmAot pblWr%*A1l to fcwl *. MaIso th. rsworw*

A)x~ ~i' th a JU4Qd fitted In thuba L jiAlaxr .rcw*- or
imass Aa eair 4Au -Niq *a .tvd fm rv*cwAijW,. rim l.oo41jg c'olm

h"to b* m%pstu f~wor rh jam m*tI1 -. de.JA tor-wua ts 6'e*cw
r m-As.~ The mm-ne-Ame 1* shoar I 1-~~hote 1.



It LxA 1flturAZud to M4 the. labooat o 'zA* 1aL thv
r.~'*"u"iTI@ Ynar to Z8.a4w.UW*. by ia1m gaw ith 004~ 4 o.

tolm-mio at 10*2 aft mthei z~teilt ro tmov of 100 Oio#A 3U
0., mm~ni orly spot4 wt2lc t@te &Kwoo of 10090 dmv a* 4o3*40

the reets'io tolar.aiov %mm foundi to be abouxt A 0.6 *ms io1h u too
Le for the x~rwwdm Insretwit,

An ttwqA w.# then ui.'e, by Po1~m-Lz short lergkho of revitor
Are In seies 4th oaeh g~g to n4)*t sU Scg plow~ their pairs ot
wirom to vitin~ t 0*05 M~ of . noi:jAl rosatwmo of 101 ohto# HMA this
boon XWMMtU1 the lmow t otta.Lniig r.'41M5 vould havus beon appoxiswtoly
hilve, aim toro banoing wou14 not have beon noewsm, %x a41 read&z~m
oamIA hove boon .1thin the soil of the roaarda chm~xte Xt us. not Nlaly
;144vw, but ft grott 1qpwOVwen uax node bA most loops~ wwor riInal]$
-ittdi A 0.2 O=v Ad rt 1*sat hJ~1f we .4thlx 00i obb,

A~ albrntio boatA .4* mood tvohoo the roadlog of the recorde~r
%rAI the bahaviour of sfp41. a~s li lo uenoo 43 40 f'or lat.ta

*w41t~vity of the Sog" b*,14ve4 to be abouit 2% at the IAtOw!1k str'Ln.
T'h strtdna -ware xmmor wthir. an owtzjatod rr 2or of s., xi 40#

Ax o viawil xJA Ini res4in the. strIt ach hod boom retaotrdo
x'$i'' 1van awx ie d4oi1 r ats of th4. Bla.A4n instrwwnt, A twint.-blo JAviv

A P# 1#4& huir4 r #odo af stron ~swMe or % rrnt om a. s mly bu
xooe. mU&1*y rf ~if oontro in Y'1 to 9# The qurdrorAt pivotod About thu
*a.* ;-*"Ive point Asi thi4 pon t'rk of thfx xvoodr. 1,. rotatim It until
the suo of Its o0')* ooinoided 4athu 'by #co)4ro roc1±ng "adjgo Ai zor-
I"o, the scil oomS4 be rood4 djwre, 4tloiA the 1n vonionmc or

f. t ib a~trw"Otinm oI1h rrars or Sh" zetO settim'.

rrA teot roat&m ftra *t 1-1ttt-4 mn L~jtJ as xho.ai in
rjns i4, h Jid, for venienloc x,4 ztw ~Icrn for ea*~ a*mee sectioni
-4th the 41A4 line' ;,r ;;iW =1wentim shor-m mn ?*t. ppt. Cotv1 Ver

d t-rn uWi tho ttat rrat* tor xLi*1y1, wentmto.r4 9u#, imon "lot*
o.,&~ tAmi fo tw rA *iiir ;-wuz. Tho rou&t .%4 then rplu.ttoM
mn Owphot shoevirt the ~'il imas asxiAm. ~1 i~41ruct strehAm jw plotted
irufl, ehe'~e atr4n ws*rw pl4tw~. rme V.,, vrtior4 irutomvpts, bet~~e

The toet utz'wite ass 14-&. I t,, 'o-AqAntrd -'Ooom, appli
at W tips "At the third1 koits ttemvn ti 4~ rn oot footIMAO The

forms -Ave sreastr1v,,Ur 4Lapsta atouat tho oentt4 moss aviation of thoo
Nu~ f*d lov~ It plftne pftf. to the root wvo caution. Tho- -ore
t'r*tw"e4 to the "xz throighJ th c;mp-4oltm iiedio-A94 Ir* Afio' mad hw
Ini A9Kito 1 Comsiono of 1oadljw refted fmu vortloal shoors uhloh
malay 3Eawoo bandim. Woavwh *lnod xL "sa Union, to purs torsioco

Strains vorm waswo at mntum a 'to F of FioJ. The
a 'eota "shf wophlio41y i, Pigs. 6 to 510* Aw t'onvoclotv. tboso, bsve

abam z tbo * a tvwdu rot, waxM the pumiiat of amma eetiew a
0basse. The 1oe4iMS, 110MO~rNW'.Aw 000UNt , aed OWMSPOWUeng tkVNW

ItI
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%000 lb w k16
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15"000 lb A;17

BI5lb me arw1 outf
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........ a ----
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10,000 lb lbtol 14 D
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tbya 6MI. Vetoial for~7 s.4Yl44 4rotl~ to 0 ey.-balt M #40h

%Saa 1aLirS hod bw onoWims Is*e e .m4v Vo tkht

casmm .g* vwy almoV4. fth.~aw as &awam by oN~crisar or
YLPI " 10 at9 WA 11, of 'r, O otM of 4?d "A , -a WsW thbt

1101wa m i.,tsd In 1W %**to i' t'ikt!-A rodlasp or both sides vrt he

asvtp~lamemsecior.Qf he t-,x

As



A ft Mid in mxArXvM reit*, Uthe ia4ug loo" at 6666.to, an O,OO lh 4%101 w*e It,-11*d at the ""001ove looding sootimsl,
Jhzd been dVeep to pndwie the a* bew41ine nmuit, of 600,000 1~b Xwn. at
the root 0 s aatiot Mh .*) Sa trvas cm ponditig to this. =oen
%m UM0 poeoi. (eoooIdW to olWamtory theory) zit 'was o pC Amlxby less

Wea the ountloo omwessiv. stress or tiv oover platilng "ia to the be.ndimg
at the box (at least 9M0 povoi, oA10l1ta*ed on the ssut~on that the
d1'atrv &sve CA4). Aui,4p Nupct to %I* oowwsh.

At uay be of 1ntereat to ijU. that, though the oatriotion vas
vary go" md1 taximmo initial detluatione at tht pl~t.Lng only about 54 at
Its thidiiwe, a mgd~ur of the, strain Avage results indloatad that ollot
budArtj~ ~ocured lIn s". pl~toss at -,&LL b*Lou the mitival stres The
'bud2.1m' wsir5 mOta t 0 all at section 1h *o th4 t,666 1lb~ 'riiw
*FPUe4 SO US tlp 1*4 tbeotin aboge Shoeid it to be 40 10 n
bftvme dimphroeo, or 24 of' rla thI*kteos, mA to have limu-ao

Apw$ f v the slight 4&screpoy lin ourfno. Stralins, that box
bbev~aeC IIIWW)qy %th low-. To help ocfmi this the results 6how %n

A&A e pFe~ioW by suporiwAei) om 'onoeits fowsA by t*ia the.*
rea4xs4 ftootim at nixo 10 wA 1i in md~r thut the ooobjwd 2oedizt

ouAbe stationlIy a ivalent to the ldrZ of 4E*~51 * The p~iticsn,
abemm Ir ?v.50, U ressonebly oicee.

On oftlatimx of thin tosts it umo towta thAt of the 10% elsotrio
remistame. #train pg~t fitted to the t*ae ontly !1 uwe IvfatIr "easus
of open 4roulats or ).zxg. nppannt xero drifting. Amst of tha e otitvo
xmwe man tho insi4I *r the box mid had bert 4eApe4 ±ikt.afly durig
assembl1y at the fowrth s$AW. It is pwfi+pw rotzirkath trut oft he 10"
rONOWiTO serviaeble &"**a# us"as ents frua only mme have bsen' ighord
ini plotting the rslts* This page ** loa:t~d inside the boxc on.a

o ae t Sootlam Bt, w4 cureistontlV gfve hi,,)i remndns. uinder load, evow
thouagh Swo r..4lInr or* repeotnbUet. Thw ro 4irk~v fro the oorwesporkling

po n the outer siwza* ,,rxvl ,Al 'hbo tx'v4 of rco5ulta ftmi ad~moot
games ont both s14.. or tr. pi.t$ungo

thetrIse :Aa bX the :e V -r-::~; of ;-Vr1a end iA&Wz. '*hey havs been
]?lotted cc the St 0. rfthA ks, tho UZ-rL OA~m ). relt., to 4wsv A
PWOK14 noioor mt-xy Chitozri eto azqerL*.nt The at hod or plotting
'421 be wswvtoo4 bi rafarivo to Vic~ a'Arf..

No attk has been Lode to *tnir laq4rltotl m ses froxi
£9 asued stra.1no, a it I&a otderma. "am rwaj~u.Ar.#ta £q4d x%*94 to o*ax
zwaeae4 adu oueup*tlams Alreattyo It tkey, howwver, be of in1terst
to pato thatk a xtWsm cc 4 x 10' lin ar'.Ltstdis tthiY:Joht to at
imadaxwttoea&U.0 teato WKps.i. (. tons Far $1.1n.) or a sliest
Strove at I~ .~d (0I .

A bricf ieoaas at the copAtAtio sie givan ii Append'ix n. is
OLDAI Ses hmi en &*& m the 114m4 thesu7 of ArgTIrim JA mont

twuotSti tkhe ban s me 'equvalart raw bomA~ ttve4, ard t. -a #u*
Ulth dismal *%se oewryum v Qr'.

btralm &Livv~ frm. the tonuw awal)ia eve showm 41 al iagroma
aresautm. *we th oarreatimu steos e too sol to pUal, or the

coerLo be *omft.a,& them ree4ts hamre best Jt4gme4 4AOSgId. #ach g5atdi
3tralm I,% w the, latter t'w1pl w' bme showt eu4y &.,;jWt the rsweats frs

tasim, ro am* *e r rsei&lts %tw they i,:Swwe~ to be sipifioant. They



p~rtlrg ft soo stira Ar te o hake a owiAth l, U a4cr str o~tr

emmowt &1P~. Inspootior~ or tho grapba sho .. olo" agreemient betvoen the
sqw*o resulto for toy ar-4 bottax covers vA for the upper end lover
halves of the sper wbso UhAx corira* that the strini4 us# Unoar
4th loodo

Ani ezow~on to thim syuwtrioal bohaviaw As *bwm by tbo ftrocit
etalnb tIn the frvft spor web at ationt C tfx 11tir4s of Figs. 14 Md WO.
Trhe deviation, uiioh uima coed rya-eotiig the tomma at iJA wat
oomwJorod to be dule to Ahaviour of tho *leatriv #tainb gaules on the
--.b at that moertion, A th roaAdts sto in Yigs. 4 oA 25 are satiefaotowy.
It &*y be ~ede by rivet *Ulp or deforustiori In the ri.±gbuirhood at this
I*A" aeotixa, aia the front apex two fitted Lst "n %4Umo Chobart
rivets laM to be ws-l to attaoh it to tha Intona dl*phreV*9 $Ia*
behnvio~sw doos niot ooow at Ution A, %Aae it ,as possiblo to wa
soiM wiooets ani %U tow side# of the root oroes *ection, boso of the
prm1rdty or the access rtoeso

ini ~usorl the *eVmrusrti- resulta i. along oaifntiuo~e owra
mod relatively scafl Iria&vldual soatter An apparent, mn A iry to Inforrz4
that the rtalti Ane a fuithful record of this sir*Udr#ni of tho box,

I gtriea-al tVeni OA trO. *X*i-W*,flis Meats fk* 'XhAOr' l0a4&ft~g
sho'.m U Figs. 8-51 is thot the :i-.~tuaae it ohaer *train~ in the oovars
At* givon by Linee of mrar travs-Aar-, -wroa Ulna# of sU*awature
wre redicted by the eu.wor.tary lhoorica. Tfw :Aniumw slope of the

*xpwizsxatal ibacs acoura Lit YabMu tht otrtrc of the oors, *hae It is
Abowt hal that of the Vzl* riou. Vx~ slopo tenda to renaein
ouoataait over z ccittrl~I tri ar- ilt V-4 -.44t? ot the oem, anth~ aen
V1 Inareeie t.-M'!m t~i .r ".s hs ispeto*.ay
*Yldfat ter lotirae ttv .- r ),A, '.0 L~jY -lu be seen frou the
gropheV efet. :: ~At-an'. tht ; 3cf"Or- n t Qf thi' Ishear, lolr
Is to .Uaplaow the mav :1 Ot~ st~ rr-r. ina tot* line by amstant
1hom' ornte.

It toy on.oar rm~, Pigso 1 rr tha-t the li"e of oxpea-1mewtsi
sheer ets how~. In the fa-uti wq. ia- Art twro ehar~ly curved than is
oonuitstd Atti the 1"gg ate crtkw~e Or dirmot Ctaro* with depth
at the Opar I.",

Larnge &j~ec i I l de.t 41ot frotu hnAity of 1iroot *tainb tw
oroes k.petm*a ct the cove Is wl4An for loAing cos to the a-act.
-aIt si P arA L of ligs. 5-v a larg deaorowin 4eoat rai
A& r~oeami nw the ontre of the 441s,~*~t A section C wAn D

ait ftoa*S IL 4k4 17 th" vap 2.err I-g.Wwagw. '4-g- '. -tjhAr twux atima
'~~~~~~err uo4dlvebaL-nmintr iwe vey sreatly re*ao4.

The mporUtal sb*aW Arn!i4a for pw-w toronm tond to rw*tn
oorintaat In amoit uxsU of the box, T)is Is kftioelarl#j *via" ntA the

a-ee4t*Aw oot oIc* b :-n 9 3C nOr ,1a U± AzM V . thw V trit ution
0t oWAn in vay ais*le. 3roter dxvistions faum w4rw'vdsy of shear
dttl% bha bee foAAs for tamioowml Zotizta ikl LiM rMW the root#



the PS', %qw 1oa41xW, ajrpk to be asiC *e libratuig. They, we
o~f 51~t 16P iw4 we 2.trt frtc the lodJ. noew the root.

Thw 7eoo~ts for &hoar plu tewpo~ *h&4 dumiawitiow. ofa O"

ioa~j~lpis 2, A,? awd 44 ha eer obttdine4 fo Utimw 3 W
lo&U of xhoa tc %qwa ;Ika shear, hrA pwro tcw** respectivly

we a39pli"~ at r a 1200# ;icotloo It us# reasonably rowt oi a ds
wAn restraints, wi4 azzin~tli~ of the roault. sho" tha&t the #iawutul7
thecwy h--s Ywy gocA *Qcuroy f v eaah of the thre aloading*, BecAaus of
tho alttosi 1sewof thtoretical saA trus treses, It oan be **,an
that the shoers-, awtx, mA torus oror pondirg to the oxparktntsi1y

10S~ tatlivt ?t haft tm~n In OqgUbriwa, vith thio applIod loa&a.
Heo* the wa.rwivaI toohr4fp# u* satisactory# =A4 the vaLwx of Uroot
and shei ow i) wd~l f eiartlaity foxan4 W%1#142U fro test* of spoolm~ns of
the aotwiai, w4 otUah w~ere used r ooq~tltn rersizwl raprosentxtivo

A det-wila c4wixo ct thowr rA nd eii.nt zaX to. tA& by

It JIn zatirc to rita sha tik AWu 4 t*onrwnrrta akwr
jarnins 41Lf~t Aprocizbtli fror, tht ;wU~xJsa atr~nx of thA tlKntAry
thocrieo Ir, T~bIO 2 Wf differmem, wq,,i ~Asa m~~ t nf tho
theoratXoal v*tV46, hAve tow, '.XAtv4 14;r t.Ass *Z00041 pw* Ovnto A.*

thay harv bomv Usted, lr~xat*4, .*e ;uenle tlh- eaI.tle thoT Uar
strzinfo1. lial.046 the s mio~v Atritir U~ irtor-x-i-tv bet.*Oh
the oluswntry amA gwncrml twe'crt~Io v-szo, M14~ I-- Y$.guo W0 sAn 4
the genwra. taM *Amlnte a i r Acau -if- sTit4-urt Thix Is of

torsila. p3A5 Isrdite, th.vc tvee f'iAW Ls'u-14.-y lrlo~rd of this loadiJw
*motion At r v
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iaww1a 1adlth iOt ti the vwmxz -tu.thes t in~es gv~pa, *A

%*ytc~~ be a*"ut .3O *psher hrm1 rwrtwo Theta ?~,~a wtosModrn th

outr afaw oat hc roa spar wat Usq ivdImta iow o tb. losY avatio

at rt* t~12V, " ,o vati oan b4 r h.ts~tte 44**diA latr b kkoowd of
Innra stw*ss *ioms each v "bar~p IVE t be ist iiA ~*~A Wi aed et
6wrectia Wfaiu L*cr4 ire &astui. for the trioa '.rInt S*r5Moayt

ooraver, 3* AS 664M lzwtedmi to giya the self-*e-judUbrating str~sm
fmr botht tmsimal ft-A sheer oajsr*meris of lood



Mfrc the zwatp It car be voom %homt tott, treattatfa ho'-' give~n
a fair mtjgite of the 4mtws Abw& to torsioal~ 1oodines, bu~t the 4-40oIA

Io"tns a iJm*to or 24, Ttle - ,.nnaytlw *4 realstx-r- sr Ah

SAqawtlwi* r~Avc root *ue k4.ttt4 , tk.. ;;mp. ,k ar kowUd.1ms tXOv$
for the umm of r; uxL 3 9, ycr t>-*tea4oz*~ tk r a 150 tt4 thctioa~l
rosul~ts of the **Oo4 %xatk~nt MV. lbomm UsaA~ L

,/* u tr~Jz A.tril ttiorw oaou' ot~ro mlg~tah i tti

we4sdiate, aru wes lxtonoJi-t, tv'*mx, t4,mo of thf. gnarx4 -n4 rlntgr:
thearu.. Oni "h a$*e of the 1tU?1g #cotton th *M~ar trairs ofe4 rls
am1 te gSwwml th.oty we it v yx4 a~v Wtwit, ms *y 1,u evrn in

k Ls 4 and 42* Mwu is ; VXtRt Axpotnimo -, tIt ZrfKmO3d 5I1Oh* strol4?
in tho z'.4-r spa wb itoivtol. 1orrd~ of the 1lr~ing, stctiah (act YIP,40)
it ubPAJ 3. -^rst tkwtr I& ptadi~t~ by tXkc lrdt-B-tha thtl-% yw

The raamta 1;;r Vsadln~a vcxit,- tm~wiou and *w.tw eJ&h$it

The ).atwa1 stralrJ~tg of Co. t%.xti us wry wipi, At*W is
')QN'ikt1wnt ulth Pi.,- %mmxj~ti thA it la zuriaLTptly moll~ to Laiurw

s1l'1.y tm~. thr gra*1a of 11"t-1 Atr4is, aw xu oho in yie Yio t' o
L. a*kiWuotlt" tb", axial 4U1*.5t struir Ar~i tht, awA of' the~ tOO ivUr

Vi i s afft,t ih tht. 2ltt4 .1 otrtimwi rt---Inta s "#& Or tho
i AN.m Yl liw, s X Vxu tr, wo r r'r.tr 1xi or tht .; r ~~i
Is irodwtd V4A V., ty r rx.-,cr,, atr'w( u ,tl u trir is ii~~
Mau to ba

the eL&w2tlmajCt -4- r,-') tri, x 'Tia MI AUI't, lt 10-,

tXjf'4%# - ;44ur. -At'. 'r," "UI t~hJox t'iM asV At"rr,:, AilP~

:,W tho strwir c ~ 'u.'4 itrV It". Ll

-. n I;qxAtz'ut %s* jATi'r r'l' Vh. tr"o.AT I* tr --t I zh tbs.
trnmwroo Ureot wtrri.an tMr -x g x ear Tis, th,-v =n 3p.-t.
mmaw3. Is wmagw4rs astAwlrlyA~l r, %1 -- ^*%Its shoo Vt 4 At rIttlo
aX- 5~ouoimtly avU1 ti he boon 14-na~x4 A ia tiolp4tI, thtemor~t
of the e4aanwtay tho4Wlem I largvr ror loo iUrg rtaxt, te rt# UzneX'
the abaer LoWW the U Aroat str .m a t tht r-mot *=o~de Wt'.;5

theV04 ftwa IVa htral tU4.V ta Aif tQ 20 frasiwl oWir trw

xSUm4W 4we4.4 that of the t, ts t-ac- I'y

rtAI~1 "aiaAL M for ftn le 4~dy ular ixi t u tow -,aswtt

ouivmtAlman tsbuq44ic of raa~ta for thea Itite Ath direct strwas
ok'rfryZ5 *mwW' %5 a# L~ti'ftP* wA W.'?jAIi qjwpzistaly W3 tnm how%*
both * PA*MI~A *' at- o^Uy -Aood uit.ts ce Vw stref hAw to

the sti"Iu, Irl *-hen.~ la~'da -...r aijUt4 nd t~hs -,a& the or4*1 te~swxm

f or/'

OPP



if fsw m~kIDS U theo ,~ '. 1-cz ooapU. Ulnfortunately the %itter has
MIU sua doe too, It is robable that sa~e wAAtiza of the U& in~ Amwin

.ooa1 be &tsia.4 by maqia~urg the box as n #equivalenit *loht bow~ tub*
bh1ing twit *q&&UX spaosd 4 -o' woss aecii wvc

Tht .a1jiw1a fo~r Krour t - taboo, L~ot"&e cr its reiativs
skg1oity, shoua1 pwvve iasfi. irn astinvttlyng the sxts6tcs due to tosioni
it tAtes with jAwirilutern =*sa sectimso Xt u*u rtasnsabl to State
thes the moasoy *41X bt k4r -4-ihe occier to%* Ans "*M~n thouagh sms

Thp satNh 14 iM.bto4 tm krot,.f J, S., IIZex4 *Ai~ Wo so Io, Sp4'rk
ofthe Uesi3 G*o.ge z~ $3aarsm vA ?.ooly for the onoortwdty end

taoi14tios tar do4ig the vef arA tor help mAti wo ars*Lnt &hwIr; Its

Hos also -. sowa V) reoovt his VaytitWe to tho l4~t4aty of JSuV
Vfr provIdINz the test box, to the 2)sirtLispt of aoitIntific u rAeL stral
Resquc moli ew 't ovuriri the I st frawi aM aaejst 4*, 'to
Ylr* To P- * 4*Wgo SA other* or the !,1x.r %iation Caony fo help
String & iuatutrt Olt the toot boX UA "onata of tht lorA4i*, linkA*'0.,
to the Db~motor or the B~oysl AIxrwatt Extr'UIoftwt for the loan at

s4 trair. i~swasur tcqua14vt tiMA to 1w. 4 I. G. bDaes Am
Kr. JO lHOIO Twr Assst1*tw In 11iag tcAtlne. 14mv, D* H(. F#oono
MIA tucii m the outt -katt"*~, sm. i~as x hortm~ AIa Lw of the

do"11*'v~s~e4Ar-~~t ~~

t ~ ~ ~ ~~~.. 'Iio0,0.c.q~b ~ avmInoubod o m alw i 4jr ,Cttjmot
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Wiqt ~ ~ ~ ~ e ileVort AMI Aam Ttwv

For oanvadeoe to prsetation and ue, eArgyzlia and 1DuMW hae.
giventhe Ats of their theory ts oarrectin stres*s to "S G~u1RpI'Zoe

4 *T. StrNSM sun by VAj oomentina eneiews' theories at benditj and
twsl~a# As stress 4±strkitofl at the aonviztions1 thecwes, A"~ statiosily
*qaLwa3.at to the t2~e stres ditrt'tio, the oarrectioris have no etAtiO#3

reioltctsft hove been osU" 'self W oing' gr Oself &eullibraktinig'

the wesan haw davolop.4 their th*4ry fror the orw~it ions far
eloetl* Oei4UW4Lni) Ot .*i IjinitOGeMUX Wasl e*it of totteiaq The
toU*A~n&- sir1$.ylng som4ionai hive, beo'n uao

is* If Onl gel 535tC* WWr p3EuWoa they .oluc xaet inmccam

point o#ALe thke tube*

2. The direct Stress And strOUz non~ip to tht ger iltars 2r. Laro*

3* The ahak# of o** Secti~on of the tub*e Is mi:*lnod by a~n
Lretaiit*4. alasrlj ada msta xf diahre" rigid In their or.i plnees

buat orfwljg ro resistenoo tc iieflootiorma ouRt of their pimnee.

i.-. The ditaprsg Ane all *rLU. to the roat cross seatior.

5. The anglmr bat-itcr. any gtnerritor wA r- ufl s j-Pend~icuiAr to the
Us.piraia, I so. uioll tht Its sqpart I& r.acibl oxap*rft to unity siM
Its oosino, ma be %rittati as unity.

6., At any 1.cirnt tht xhcr strea %lwe. % endr~.tor Is 5mourad to
hae the sks lpalwi & t?.. hia strs yemllo "n nornel to * dimphro..

7. The shee*r wLeo.da is ss ibcit' vith thIe sheAr strain Waalwl
to the direation In 4*x.Loh the shet Ix aro4 ty the 4i--phrapS to be
.tteotivwsly rigL4. The lrzoot -x),4Juo Ix a~c~e vith the direct $trin
&awp senersiaraq

?. t;x&S1 ,d41g~ the ttwory is tr -t th. aroe
soctloii4 Mpe of % tuo Is kept oontA. Prai this it toll"* that the
;oswant wm~or Uod of Pr4 y oint an the tu~be *,r. tv Wsired ty an "Ill.
'orjlft diapl~a,3et and by the bcdAy ration vAn displaonts of the oross
section. Shape omtsiir.g the point Itlu~r. its origial plnnco The three
4iap).ao~ssp %A the rotAtior oypeaz a v.oxinbles ir. the --nzlia xrA the
strains xre .. itt'6r aerso I.~ n twO 4of their ierivtixes. ..A any
trw~msos UJreat stress In the .^2iA ceSf a is %mo w&md to tv- zero Po~ly
M. *,Wbrw. O*Ation (W) t strvose 14 a po.-At ns t, be tii.

The twsir poar af the vAn.lpUa is oo~rwolmi, In stroeto -10~. tnt sol*JiOn
or apr=ote o4iov of this e~j.1J.IrIix 'awti

Th# 9zjstwrAboe f *am strvss Usation, P', for ttw t4* Is n~awsa
hsthe ron. ce a twatofv X , ci the istan" i~ tthe t,.vlr 140At

nlv raut #p~in h , of the distawiet sraw tke pvr1* Ater of the root
oMe00ti~n, by e0mWss*z- tM~ TLbr1iXs 'jAA~IOn IA t IS- of th

Ii~j"OE $U.*e f~UvtjcxL it M*as tocr. ositl& uc %;lUt It Izit- Vx as~rst#
difcswwA~Ial eqlution a it ILLT* fls the gem artry tf he root ames
5ectian AMd the jthar ir ter.4 of~ UAMo l~tet* on: la
,iws the traniffetse WAn 1rtIlt-, L't~cwAa in. zsa.



??i. o*. ';I Lrriolvin %.- ULa noe I'm the ta'par poxtyt rnae
OsOOM4 otdW 4.rivotiv m4 aw its soltion~ is tt very dUicfl t .heni the
skin th,*dmose are either constatf or vr ji P oonverdeml Lomer Ath
6,iace frai $14 taper point.

The equation iwol-vi_ t.-m Soczetry of the root orose section is
Urae~r wA~ dfferentiod And hsA n xeyarsa solition -4th tiuo mrbitrary
owmatehts for each P11i n - il the thackness nNd slope wre crtintwm

fwmationae4 DBo onu$idar t:he Q* at±h~Ut,' of direct stri4nx and sheer
flmts Nt e*ovi dlsountiniiitj 'round r w=s seti.on, an aqwtion can be
fonvi4 for *&oh of twee artitro*y -,oisit. To~ethor '4th the three
asp~tJONW of Statios fr eqmalibrix. *f the *'orovs In z~ plane there A"e

,? 3 lhjnenkr s1;ult-ii&x eqgwtiona. for t;Ab wihere n is the nuaiber
iC 4,11. ftet qWptians h v r~or-xv- &Oljtion. .Jwn the cdsterUirintal
erawtion Is sam. In t~mai~~l c t~~~nwxt cqw-itim Ise tmrnaom.nentol
and hae nn iniinitt nwitrr of root*.

Tht, dsreot str.s oaasTyArx. !bility orf Vie . llx h-n boon~ troe tod
XtAlyiosll for vnl- ip ap.toi'in cus - thot of & i.-~ a.-istrioal tube

%th oontlntwus direct stress oarr;-inr omtra. In this onst. foma~Are a^e
(v~ the Jatoxt4Jv'rt I1 ejwta.~ and f~or the h Iction In set oll .1

tor AIit, rn L.v:..U11c tit~t Is t.rAVi~zzro ouixtin_. of' a
mu ba Letf c1Jrat xsrvxra rArr, roUa iotv, ,.nor' tor~i snoatod b, shecrt
of' a jwvrk- aei'z' isti, r. tcril. i'cr t.w. lurlizoJl tuba the v$8tim
Involris. th Ux g#3stry of the root mms sectiox, is 'l.4,abrvio ir~tend of'

41.'.1ornttI -M;n trea Is 1 oflo .rt'trarv oonast 't f'or e... cli. There
ArVh $ S1.a"itr'niOq# i'crA nru tVA dt rintl eO tion -OS

rinute mL ter, r. - 53, . roofl. rfr os-. 14..4.ized ti WA jy .L thm~
6 - omd thic omutti*t irvol'01Y4 -. nt tchtv

(m~e "t~j rind4 A*X. tdA o*,t Cm~ .1ira Its 51- , ht n~IxiOtim-a

k A.wttsl'i. m'wtitlt t., t., --rc-to n n .*ihI

ac tVU .6.1la Of 0 a :.&Y .a~ Win i. A rIA pregrcir of' their a
*ositioPml are"A Vii :IdJ-1oIt ', xC rv s~riA.#n-n eor tOw wod# n17 * forjw
boQi t~be a ratiousl pr~e, for t;4a hrn a en mnaria. by h' r',ii rnM

DUI..



,rA gm v of th a * tIea1 atr' in shcrx u v = Lj ioge4 00 the ,Vc Pd x
ampsrisntal resuts ware ocwited ooctwik, to#

(a) tho *iwimptary uinmer& tteories ox, barAUx, Ai torsioi

(b) the theory otf iil thwDm for tho oem' Of A OquidsInnt
ro~w bow* tube,

(a) the'khM yat *r~yrisatwdiDAvw*for thoa te ofosnl
symmWio.1 tu* -Ith &Lwot stress ouTyiog top and bott au

A brief reso'i1 of ths reotltsa gil jaoodii of "A~ qstiton tv
given in this Appendix so that the, reader toy follov tho xuain rSwnts of
tba sas"p.. In the, tooowt of the proodar. *oor4tin. to '4VTU riAa

Dnshe is Ywfwv.4 to ther appmaWioto awationa wAn eq~4to of their
wGesar.1 Theory otf Cylindrioal m an ca Tube w~mr Torsion "n BeAdins

?he outyves for strmins -, +.%. telont theories hrye bee
OItkb im tole tOOaR1A

3d

her* tha Iv~t I 4 o LX 4M

r js- e r %jw :v-

-ltaw rm rott-p on

r~w t4i .ro.- rvt.w avoit



7 vbiiiz at v oommalorjr to a

0 dJxcot, iPd C~Ar, tl1stiolty, Ladul± of L-vitouia1

a ekV,%4 saetr fame~

hir shw~w lor4 rtsiatod by dirwt strc~j ^long petz4

3 -ri~r) sht 1orQ rosisted4 by shear strouaba

Ttorio*-1 oogws. about sua.r oontra

ooiwonwat of alw~r straei dup. to (

To mau of '% at a a0 if Q passed throuC,)i
sihoip oontre

"b oa-ivhwt of shenr stress duwi to toqu#. T.

Thu I @ oot r aSg~ shoQm in ig 1n Jei.0 oonaid~xri. to be --mcntrated
As booxu shown In Fig* 'b In view~ of the s1.ztlioity of V., exproxsioss
and as the wcvk was hhlved by the mi.ngle as-ttistr of =vans -otlofl shear
strins w e oa].ouisted at As iwny points Around the arem-, -cion As seaned
desiable (about fifty) for mKgwth owves to be dr,,wn.

~1~kv~int. f occi tubeo

,,n ap i lzroir. to ti e nxil oorirvivit strtsas vr~a :A&~ by
the &ethod aujitatvsd In A~.5x...2.7. of ttin u.A~bishod thcory of
. rrqrris and D1iz, i Ini dimmax.u,~ it, t.;e n-Artion,. fta ri%ter and
ovations mfrw~ n tex+t of th -t thtory.

Y., el ialosis of cmasec~tion iicn nr *ho-.m in Fit,;-b of
this reo.twt oar sa&stituted In e'~uAttonm (#720). Q7?) aM(..22) or the
.vppeidix av1ir* te b=c.s arta~ oorpr j4n - to lig.291

7 a or** t4 the d~ijo&lcors of c4%ta a e"icn thm
pbsttattd in -auwtic (193) Of 'ct4.3 jjIlx'M,

IVI 14



Pri(231), (237) uPM (?49) tj A (it) (wratim~ $"or tOwvd V be

-H3 "4t ( a3 +2.115

014 -- 5063 aH)j -3.t810

*TA(i~),Obtird uththe os* of(3# nd (I 35b) far values# or

r, is9, IXQ Oru 150 at each~ xtr~i-Fi%'ew; arrus3 s4kation am

-oa ~ a b - -- - -- - -- - -- - -- - -

0 1  0.';3)3 01  , 6666 Pi 0 0.5000

0,-9333 +0.7763 -0.91%f~ *0.5652 -0.7%50 40b9 --0. '939

OPa521~ -00351 -0.6&L% + 0.11127 -0.1332' +.2Oe5 -0.1,l079

0.3159 0.4w3O k +0.1 Or 06'4 .0*1618 -4)O. )5

0#5M asaas ae)*116e +_01,1 D1 --- aeaea

005W a-60.045 a22aa -0 if - , +0 V4 -0.0'

ArAVio ncwroLw L r, ;4t l ii c t+4. tnj~z vm olowtrz thc

lliwtl shear* orry~W. T, r'k r ^ar *o f or the dijuct, stresaft It
tis :o a ths boxm. oao CA t ir 'I -,. 5d. of t his report, l.vt be

oMns 1,y r~ of b ah -et~ -ve& to 0oe r4jroctt b,--A of PIF.3k.

3-,uttta~, the dL-~n& m'Sz r thC 1 ,.34 Zr
*,wuoti~t. (i~), D I&,672.VO ro! ~'uI1.(i~ i;?e to

(a ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : AV0~~.A.399?. .i4.)an(a,



Ibis eq~wU.ir. Is *trsomndntal mir the fire* sevtn 1!,ots Ar

34atQwrs &-or .oy4tlw (43v!,) to (1.93) jw thmf oOI4utod eor each ot the
sIx ami-s values oi 'k ur4 mwbtto iii sqAtiomw (4%9), (496) &0~

wo 1.t"td in Tab1.5forih ... . jlna?. mov. *qlly SPesed r1ntis nMV08
a omqr# the 41IzMieo f, a"* In tns table, Is msure4 Cora. t *
osnuv trs the Ocwr

the 0 frotiu wese Oo~alted ror oicai Ortl Yalu 'v~ge Xt
ftrA (1p7) ad ( I 7b) iwxl ap* list o in i bli*x 4, 5 *ad1 6 for 9.,h strain

4s aWs asoaticfl,

(Ijbo ()iga) led4 (319b). # y tr~tung the fiMr~ SAX #iLV"iAnut W1341C
of x * the 4istrib~Aton~ r~ strvii urxn the aroos soaticm iUOs given by
t elve Uina or a sr*~a=ti Sss~i. Ta'ble 7, idah h&* been Unlui

no nal Shcmws Ow 4aaMona14&. fo .Ooimt ". of Vh test tox Uihum.
twpww *4 saza load uws apped *.-Atolr At 3 a 150 (01 & - 3)
It All2 be Awon rrw the tsUt*t oywaewo Us roaonotU. for j45 torigpo
but Is is .ito ror bardinm. ?mrtwte sAvolts for .AOnd, st )r 150
are smsmrUod In ?able, to

I hA4 btwV0 a)4 Xniltial. tji4 %fth tar%* WML havet been
safflUrtI7 o0 Yftoint to ijit0xwct the, shewr IV~ .1ft.t im berv4mnkjs
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Defense Technical Information Center (DTIC)
8725 John J. Kingman Road, Suit 0944
Fort Belvoir, VA 22060-6218
U.S.A.

AD#: AD011549

Date of Search: 30 May 2008

Record Summary: DSIR 23/20965
Title: Transversely Stiffened Tapered Box Girder under Torsion and Bending
Availability Open Document, Open Description, Normal Closure before FOI Act: 30 years
Former reference (Department) ARC 15128
Held by The National Archives, Kew

This document is now available at the National Archives, Kew, Surrey, United
Kingdom.

DTIC has checked the National Archives Catalogue website
(http://www.nationalarchives.gov.uk) and found the document is available and
releasable to the public.

Access to UK public records is governed by statute, namely the Public
Records Act, 1958, and the Public Records Act, 1967.
The document has been released under the 30 year rule.
(The vast majority of records selected for permanent preservation are made
available to the public when they are 30 years old. This is commonly referred
to as the 30 year rule and was established by the Public Records Act of
1967).

This document may be treated as UNLIMITED.


